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PROCESS FOR THE MANUFACTURE OF N-ALKOXALYL-ALANINATES 



The present invention relates to a process useful in the multistep process for the 
manufecture of vitamin Bg. More particularly, the present invention relates to a process for 
the manufacture of alkyl N-alkoxalyl-alaninates, Le. compounds which may be represented 
structurally as a]kylO-CO-CO-NH-CH(CH3)-CO-Oalkyl and which are useful 
intermediates in the multistep process. Furthermore, the invention also relates to novel 
intermediates generated in the process of the present invention, i.e. certain N-aEkoxalyl- 
alanines, being monoesters corresponding to the aforementioned alaninates and which 
may be represented structurally as alkylO-CO-CO-NH-CH(CH3)-COOH. 

There have been numerous publications on the synthesis of alkyl N-alkoxalyl- 
alaninates. One such approach, as described in Chem. Ber. 3Q, 579 (1897) and BuU. Chem. 
Soc. Japan 42(5), 1435-1457 (1969), and the patent pubUcations French Patent No. 
1,533,817 and Japanese Patent No. 43.010,614 (B4; 1968), involves the reaction of an alkyl 
alaninate as such or as its hydrochloride with an alkoxalyl chloride or a dialkyl oxalate 
optionally in the presence of a base, e.g. trialkjdamine, and/or in the presence of an alkanol, 
e.g. ethanol. In none of these cases is alanine itself reacted. 

A further known approach involves the synthesis of alkyl N-alkoxalyl-alaninates 
directly from alanine as the free add. Thus French Patent PubUcation (AppUcation) No. 
2,010,601, Japanese Patent No. 46.002,969 (1971) and Bull. Chem. Soc. Japan 45, 1917- 
1918 (1972) describe the reaction of alanine itself with oxaUc add in the presence of an 
alkanol, particularly methanol or ethanol, to produce the appropriate alkyi N-alkoxalyl- 
alaninate. The alkyl (ethyl) N-formyl alaninate was produced as a by-product in up to 10% 
yield under these conditions. The authors of the Bull. Chem. Soc. Japan reference disdose a 
modified approach which minimizes the formation of said by-product to trace levds by 
reacting alanine with oxaUc add and both alkanol (ethanol) and dialk)d (diethyl) oxalate. 
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A stm further approach, using addic conditions, is disclosed in the Chinese Patent 
PubHcation No. 86101512A and in Zhongguo Yiyao Gongye Zazhi 25(9), 385-389 (1994) 
of H. Zhou et al. Here, alanine is reacted with oxaUc add in an aqueous hydrogen diloride- 
ethanol solvent mixture with azeotropic removal of the formed water using benzene to 
afford ethyl N-ethoxalyl-alaninate, and addition of diethyl oxalate and anhydrous sodium 
carbonate to the crude ester product. The required multistep work-up is complicated and 
thus a disadvantage in this particular approach. 

FinaUy, German Offenlegungssdirifl (DOS) No. 4,015,255 describes inter aUa 
mono- and diesters of N-oxalyl-alanine as medicaments, refers to French Patent 
Publication No. 2,010,601 (see above) for the synthesis of sudi mono-and diesters and 
exemplifies the preparation of the diesters generally by reacting "alanine ester 
hydrochloride" with "oxaUc ester chloride" in methylene chloride as the solvent in the 
presence of a mixture of triethylamine and N,N-dimethylaminopyridine as the base. 
Although the diesters and also N-alkoxalyl-alanines (monoesters) are claimed as 
medicaments, and the synthesis of methyl N-methoxalyl-alanine, named as "(N-oxal,d)-L- 
alanine dimethyl ester", is actually exemplified in the pertinent Example 1, there is no 
specific disclosure/example of the synthesis of N-alkoxalyl-alanines such as N-ethoxalyl- 
alanine. 

The process of the present invention enables the manufecture of alkjd N-alkoxalyl- 
alaninates firom alanine itself in high yield while avoiding the drawbadcs inherent to known 
processes. In particular, the process of the present invention avoids the generation of large 
amounts of inorganic salt waste normaUy encountered in the known acid catalyzed 
processes for the manufecture of these alaninates. 

Thus, as one aspect, the present invention provides a process for the manufecture 
of alkyl N-alkoxalyl-alaninates which comprises reacting alanine with a dialkyi, preferably a 
di(lower alkyl), oxalate under substantiaUy non-addic conditions. 

The term alanine as used herein comprises racemic (D,L)-alanine as weU as the 
individual enantiomers L- and D-alanine and mixtures of both enantiomers in any ratio. 



The didower alkyl) oxalate features in particular Q-g-alkyl groups, preferably C, 
alkyl groups, which when containing 3 or more carbon atoms maybe straight chain 
branched. These dialkyi oxalates are in many cases known compounds which 



1-4- 

or 
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—dally available. Any novd ones n.ay be produced by methods analogous to the 
known n^ethods, e g. by conventional esterification of oxalic add with the appropriate 
alkanol using an add catalyst, e.g. sulphuric add. 

5 

^i-d o«t under ,ub«antiaUy non-acidic conditions means 
that apart from alanine (H,N-CH(CM,)-COOH) itself no further add is present in the 
reacnon „ux«^e, so that no add apart from alanine is deliberately added or otherwise 
mduded „ Ae reaction mixture. To create sudr substantially non-addic conditions. 
. '----■"''--ybeiadudedinthereactionmixture.lnapreferredaspect.there^^^ 

.s earned outv^a^outthepresenceofanaddedbase in thereacdonmi^ure. If howevera 
base . present said base is suitably an organic base, in particularly a trialkyianrine; a cydic 

tertiary aunneindudingabaseofthetypehetero^matic compound), sud-aspyri^^ 
qumohne (both dso examples of heteroaromatic compounds). N-methyl-pyrroK^e or 
N-methyl.p,pe„dm« or a cydic tertiary amide, sud. as N-methyi.py„olidone, or any 
— of tvvo or more of suda bases. The term "alkyi" as used in trialkylamine refers ,» 
straight d>am or branded alkyi groups containing 1-8. preferably 1-4. carbon atoms. He 
most preferred types of bases, ie. those whid. promote the be« yidds of alkyl N-alkoxalyl- 
alanma.es, are tridkylamines. triethylamine and tripropylamine being particularly 
preteed. Of a,e cydic tertiary amines N-methyl-pyrroHdine and N-methyl-piperidine are 

preferred. lngeneralaWboihngbas.i.e.abasehavingaboilingpoint at lospher.r 
pressure which is substantially bdow about 135<>C is preferably used. 

In are reaction mixture of U,e alanine and the dialk^ oxalate the Utter readan, is 
preferably m «cess molar amount. More particularly, tire molar rado of alanine to dialkyl 

ox^te^smtably from aboutl:2toabout,:10.preferably from abou.l:3to about 
1 : 6, and most preferably about 1 : 4. 

When a base is used, the molar ratio of base to the reactant whidi is used in the 
esser mo ar amount. usuaUy, as indicated above, the alanine, is suiubly from about 0 25 ■ 1 
^about 2 :1. pref«.bly from about 1 : 1 to about 1.5 : 1. Expressed inLns of mol% Ie 
amount of base used « suitably from about 25 mol% to about 200 mol%. preferably frc 
about 100 mol% to about 150 mol%.„fthe amount of that reactant 



rom 



outdJ^''™'"'*"r'*''^*''"°""°''^'P''^''-»«<'"-«-'>'''xcarried 
out depend, amongst other fector^ on whether an added base is present in the rLon 
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mixture or not, and are generally in a higher range when no base is present. In the latter 
case the reaction is suitably carried out at a temperature from about 120°C to about lOO^C, 
preferably from about ISS'C to about leO'C. In the other case, i.e. when a base is present, 
the reaction is suitably carried out at a temperature from about 60°C to about 160°C, 
preferably from about 80°C to about 120°C, and most preferably from about 90°C to 
about 110°C. 

The reaction of the alanine with the dialkyl oxalate central to the process of the 
present invention apparently proceeds by a mechanism which involves an initial formation 
of the appropriate N-alkoxalyl-alanine of the formula allcyiO-CO-CO-NH-CH(CH3)- 
COOH with release of the appropriate alkanol, followed by the involvement of the 
generated alkanol in the esterification of said N-alkoxalyl-alanine to the desired alkyd N- 
alkoxalyl-alaninate of the formula alkylO-CO-CO-NH-CH(CH3)-CO-Oalk)d. Accordingly, 
it is appropriate either to perform the reaction under temperature and pressure conditions' 
which ensure minimal loss of the pertinent generated alkanol, or to perfomi the reaction 
with added alkanol. 

Thus in one embodiment of the process of the present invention, the reaction is 
carried out in such a way as to ensure that as much as possible of the alkanol produced 
during the reaction remains in the reaction system either by carrying out the reaction 
under atmospheric pressure with cooling of the vapour phase of the reaction mixture to 
promote the return of the alkanol into the reaction system, or by carrying out the reaction 
at elevated pressure in a closed system, e.g. in an autoclave. In both cases it is clearly 
unnecessary to carry out of the reaction in the presence of added alkanol. 

In an alternative embodiment of the process of the present invention the reaction is 
carried out in the presence of added alkanol, preferably alkanol featuring the alkyl group 
corresponding to that of the employed dialkyl oxalate. In this case the reaction can be 
performed at atmospheric pressure and a certain loss of alkanol from the reaction system 
can be tolerated. 



When an alkanol is used, the molar ratio of alkanol to the reactant which is used 
the lesser molar amount, usuaUy, as indicated above, the alanine, is suitably from about 
1 : 1 to about 10 : 1. preferably from about 3 : 1 to about 6 : 1. 



m 
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If the reaction is carried out under atmospheric pressure in the presence of an 
organic base the reaction is suitably performed by initiaUy heating the reaction mixture for 
about 4 to about 12 hours, preferably for about 6 to about 10 hours, to a temperature 

5 belowtheboilingpointoftheorganicbase.Asindicatedabove,thetemperatureduring 
^ heating is then suitably from about 60«>C to about 160°C, preferably from about SQOC to 
about 120«>C, most preferably from about 90»C to about 110«C, and furthermore a low 
boiling base. i.e. a base having a boiling point substantiaUy below about ISS-'C under 
atmospheric pressure, is preferably used. During this initial heating period the base should 
10 be retamed in the reaction mixture, and if necessary precautions taken, e.g. the use of 
condensation means (reflux reaction), to ensure this. Thereafter, any low boiling organic 
base IS suitably removed from the reaction mixture, e.g. by distillation, and the 
temperature of the reaction mixture then increased up to about 160°C for a duration 
sufficient to complete the formation of the desired diester product, i.e. the alkyl N- 
15 alkoxalyl-alaninate. This final heating step for the formation of the desired diester product 
IS usually completed in about 4 to 12 hours, preferably about 6 to 10 hours. 

As indicated above, the process of the present invention apparentiy proceeds via the 
appropnate N-alkoxalyl-alanine, of the formula aIkylO-CO-CO-NH-CH(CH3)-COOH 

20 e.g. N-ethoxalyi-alanine in the case where the alkyl group is ethyl. These compounds ari 
novel and as such are also an object of the present invention. If not intermediates in the 
process according to the present invention and thus anyway converted into the appropriate 
alkyl N-alkoxalyi-alaninates as described above, the isolated N-alkoxalyl-alanines can be 
readily so converted by heating in the presence of a dialkyl oxalate such as diethyl oxalate 

25 and the produced alkyl N-alkoxalyl-alaninate can subsequently be isolated from the 
reaction mixture. Thus, the process of the present invention can be carried out with or 
without isolation of the N-alkoxalyl-alanine intermediate, and if said isolation is desired 
the reaction conditions can be adjusted appropriately to promote an optimal generation of 
the intermediate for subsequent isolation. When a «one-pot» synthesis of alkyl N- 
30 alkoxalyl-alaninate is performed using triethylamine as the added base, for example, the N- 
alkoxalyl-alanine is generated as the major product after an initial heating period, and so 
these conditions may suitably be used to produce and isolate the novel N-alkoxalyl-alanine 
m a major quantity. In an alternative embodiment the process is carried out without a base 
and ^th the removal of the alkanol and water generated during the initial heating period. 

35 ^erebyformingthedesiredN-alkoxalyl-alanineasthemajorproduct.Saidproduct,e^^ 
N-ethoxalyl-alanine, can then be isolated from the mixture in the reaction vessel by 
column chromatography over siUca gel. for example, or more preferably by crystallization 
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A so-obtained alkyrl N-alkoxyoxalyl alaninate can be converted by known methods 
into vitamin Bg, e.g. by cydization to form the appropriate 4-methyl-5-alkoxy-2- 

5 alkoxycarbonyl-oxazole which on treatment with alkaU and subsequently acid can be 

converted into the appropriate 4-methyi-5-alkoxy-oxa2ole. The latter, on reaction with a 2- 
unsubstituted, 2-monosubstituted or 2,2-disubstituted 4,7-dihydro-(l,3)-dioxepin such as 
2-isopropyl-4,7-dihydro-(1.3)-dioxepin can be further converted into vitamin Be, as 
disclosed for example in French Patent No. 1,533.817, U. S. Patents Nos. 3,250,778, 
10 3,296,275 and 3,822,274, and Indian Patent No. 175,617. 

The process of the present invention is illustrated by the following Examples: 

Example 1 



15 



20 



25 



30 



17.9 g, (200 mmol) of D,L-alanine foUowed by 24.4 g (33.4 ml, 240 mmol, 1.2 
equivalents) of triethylamine and finally 117.5 g (800 mmol, 4 equivalents) of diethyl 
oxalate were introduced into a reaction flask under a stream of argon. A gas trap 
containing 100 ml of a 10% aqueous solution of barium chloride was connected to the gas 
outiet of the reaction flask in order to trap any carbon dioxide produced during the 
reaction. The reaction mixture was heated at 105°C (internal temperature) for 8 hours 
(after 6 hours aU the alanine was in solution). Analysis by gas chromatography (heremafter 
"GC, performed in this and each further case at this stage on a siUca gel column of 
dimensions 30 m x 0.28 micron showed 1.2 w/w % of ethyl N-ethoxalyi-alaninate 
(hereinafter "EOAE") and 22.3 w/w % of N-ethoxalyl-alanine (hereinafter "EOA") as the 
major products (98.4% yield based on the employed amount of alanine) at this stage in the 
reaction sequence. No carbon dioxide production was observed during the first heating 
phase. The reaction mixture was then heated up to 145°C over 30 minutes and maintained 
at this temperature for a fiirther 8 hours. During this second heating period triethylamine 
and ethanol were removed by distillation into a coUectcr. In the second heating period, 
production of carbon dioxide occurred and a precipitate of barium carbonate was observed 
in the gas trap. GC analysis of the mixture at the end of the reaction showed EOAE 
produced as the major product in 28.7 w/w % amount with some BOA remaining in 2.2 
w/w 0/0 amount. The overall yield of EOAE + EOA in this two-step, one-pot process, 
calculated firom the employed amount of alanine, w^s 73.9%. 
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EyampTo 0 



) 



To a stainless sted autodave under an argon atmosphere there were added 0.9 g (10 
mmol) of D,L-alanine foUowed by 1.2 g (1.7 ml, 12 mmol, 1.2 equivalents) of triethyiamine 
and 5.9 g (40 mmol, 4 equivalents) of diethyl oxalate. The reaction mixture was heated at 
150°C (heating blodc temperature) for 8 hours. The internal pressure foUowing the 
reaction was about 5 bar (0.5 MPa). The autodave was then allowed to cool over 15 
nnnutes and a sample of the resulting brownish mixture was removed for GC analysis The 
mixture contained EOAE as the major product in 22.0 w/w % amount and some EOA in 
0 5 w/w % amount. The overall yidd of EOAE -H EOA based on the employed amount of 
alanine was 79.2%. 



Example ^ 



8.9 g (100 mmol) of D,L-al.anine followed by 58.8 g (400 mmol. 4 equivalents) of 
diethyl oxalate were introduced into a reaction flask under a stream of argon. A gas trap 
containing 100 ml of a 10% aqueous solution of barium diloride was compacted to the gas 
outlet of the reaction flask in order to trap any carbon dioxide produced during the 
reaction. The reaction mixture was heated at 145-0 (internal temperature) for 7 hours 
(after 6 hours all the alanine was in solution). GC analysis of the mixture at the end of the 

reason showed EOAEproducedin 12.5 w/w%amount with EOAremaining as the major 
product m 16.0 w/w % amount. The overaU yidd of EOAE + EOA in this two-step, one- 
pot process, calculated from the employed amount of alanine, was 95.0o/o. 

Example 4 

To a stainless sted autodave under an argon atmosphere were added 2 23 g (25 
rnmol) of Di-alanine foUowed by 14.69 g (100 mmol, 4 equivalents) of diethyl oxalate 
The reaction mixture was heated at 150-C (heating block temperature) forShours The 
mtemd pressure feUowing the reaction was about 5 bar (0.5 MPa). The autodave was then 
dWed to cool over 15 minutes. The unreacted alanine (1.5 g. ,7.3 mmol) was removed by 
filtration, amounting to a recovery of 69.1%. and a sample of the residual light brown 
nnxture was removed for GC analysis. The reaction mixture contained EOAE in 1 0 w/w % 

™andEOAi„3.0w/w%amoua, as the major product The overal yield ofEOAE. 
EOA based on the employed amount of alanine was 26.5%, and the corrected yield of the 
reaction based on the recovery of the unreacted alanine was 95.6%. 
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Examples 



Into a double-jacketed, 4-necked 500 ml glass reactor equipped with a circulation 
thermostatic temperature control, an overhead stirrer with propeUer. a thermometer/ 
controller, a dephlegmator (partial condensation head), a reflux cooler, a vacuum system, 
cold traps and argon degassing means were introduced under an argon atmosphere 44 7 g 
(500 mmol) of D,L-alanine foUowed by 298.6 g (2 mol. 4 equivalents) of diethyl oxalate 
The suspension was stirred at 200 ipm and was heated for one hour up to an internal 
temperature of 145«>C (mantle temperature ISO'C). At the start of the reaction the 
dephlegmator was set to 50C. Alanine was completely dissolved after about 6 hours 
reaction time. During the course of the reaction, the internal temperature dropped from 
US^C to 1 15°C. After a further 26 hours the dephlegmator was heated to 70»C and ethanol 
and other low boiling constituents were distifled off from the reaction mixture over 30 
mmutes at an internal temperature of 116«>C and a reduced pressure from 0.9 bar to 0.4 bar 
( (90 kPa to 40 kPa) into a prefraction collecting flask. The coUecting flask was changed and 
Ae dephlegmator heated to llOOQ TTie umreacted excess diethyl oxalate was distilled off 
from the reaction products over a period of 2 hours at an internal temperature from 116»C 
to 154«'C and a reduced pressure from 400 mbar to 40 mbar (40 kPa to 4 kPa) The 
resulting mixture containing the crude desired product was cooled to room temperature 
analyzed by GQ and found to contain 77.0 w/w % of EOAE and 5.5 w/w % of EOA The 
overall yield of EOAE + EOA based on the employed amount of alanine was 75.0%.' 

Example 6 

g (10 mmol) ofD.L-alaninefoUowed by 1.8 g (2.3 ml, 40 mmol. 4 equivalents) 
of ethanol and 5.9 g (40 mmol, 4 equivalents) of diethyl oxalate were added to a stainless 
steel autoclave under an argon atmosphere. The reaction mixture was heated at 150°C 
(heating block temperature) for 8 hours. TTxe internal pressure following the reaction was 
about 5 bar (0.5 MPa). The autoclave was allowed to cool over 15 minutes, and a sample of 
the resulting pale yeUow mixture was removed for GC analysis. The reaction mixture 
contamed EOAE as the major product in 18.5 w/w % amount and some EOA in 1 7 w/w % 
amount. TTxe overall yield EOAE + EOA based on the employed amount of alanine was 
78.4%. 



Example 7 



8.9 g (100 mmol) of alanine foUowed by 12.2 g (8.9 ml. 120 mmol. 1.2 equivalents) 
of tnethylamine and 59.7 g (400 mmol, 4 equivalents) of diethyl oxalate were introduced 
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10 



15 



20 



25 



into a reaction flask under an atmosphere of argon, and the reaction mixture was heated at 
100°C for 7 hours. The mixture was cooled to 2-3«C and stirred a further 2 hours. The 
unreacted alanine that precipitated from the reaction mixture was isolated by filtration 
over a membrane filter (cellulose. 0.45 microns). The triethylamine was first removed by 
rotary evaporation at 20 mbar (2 kPa) and 60»C, and then the excess diethyl oxalate was 
removed under high vacuum rotary evaporation at 0.01 mbar (1 Pa) and 70°C. The 
remaining crude product ( 14.5 g), a yellowish gold oil, was analysed by GC. EOA was 
found as the major product in 80.2 w/w o/o amount, corresponding to a yield based on the 
employed amount of alanine of 62o/o. For the isolation and characterization of the EOA the 
crude product was purified by column chromatography over siHca gd (0.040-0.063 mm) 
ethyl acetate/acetonitrile (EtOAc/CH3CN) 8 : 2 v/v. 2% acetic acid (AcOH). column size 8 
X 20 cm] to yield 1.0 g of pure EOA (> 99 w/w %) as an oflf-white soUd. The structure of 
the isolated EOA was characterized as below. 

Analysis : 

Rf (sihca gel, EtOAc/CHaCN 8:2 v/v, 2 % AcOH) = 0.30; 
Melting point = 73-74°C (uncorrected); 

^H-NMR (400 MHz. DMSO-d«): 6 (ppm) = 1.28 (t. /= 7.0 Hz, 3 H, OCH^CE.), 1.34 (d, / 
- 7.2 Hz, 3 H, CH3). 4.24 (q, /= 7.0 Hz, 2 H, OCH2CH3), 4.26 (dq, /= 7.6, 7.2 Hz, 1 H, 
NHCHCH3), 9.02 (d,7= 7.6 Hz, 1 H, CONHCH), 12.70 (bs, 1 H, COOH); 
"C-NMR (100 MHz, DMSO-d.): 6 (ppm) = 13.8, 16.5, 47.9, 62.0, 156.9, 160.5, 172.9; 
IR (KBr): v= 3365, 3126. 3006, 1733, 1664, 1539, 1278, 1193 cm'^ 
Mass spectroscopy (dec. spray, negative mode): 188.2 (M- H^)"; 

Elemental analysis for QHuNOj (189.17): calculated C 44.45. H 5.86, N 7.40o/o; found C 
44.20, H 5.78, N 7.11%. 



30 



5.93 g (66 mmol) of alanine foUowed by 8.08 g ( 1 1. 13 ml, 80 mmol. 1 2 
equivalents) of triethjdamine and finally 39.8 g (37 ml. 240 mmol. 4 equivalents) of diethyl 
oxalate were introduced under a stream of argon into a four-necked reaction flask fitted 
with a reflux condenser. The suspension was heated with an oil bath at 90°C (internal 
temperatm-e) for 9 hours. The triethylamine was removed by rotary evaporation under a 
35 reducedpressureof20mbar (2kPa) at 60«>C. A sample was removed and analysed by GC at 
the end of this first reaction step to investigate the formation of the intermediate EOA and 
product EOAE. The mbrture was then heated in a second reaction step at 135°C (internal 
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temperature) for an additional 9 hours. Ethanol and water were removed and a second GC 
analysis was performed at the end of the reaction. EOAE was identified as the major 
product. The GC analysis estabhshed a 16.66 w/w % amount of EOAE and a 7.72 w/w % 
amount of EGA. The overall yield EOAE + EOA in this two-step, one-pot process, based 
on the employed amount of alanine, was 69.4%. 



Example 9 



10 5.93 g (66 mmol) of alanine followed by 28.35 g (35 ml, 80 mmol, 1.2 equivalents) 

of high boiling trioctylamine of density 0.811 g/1 and finally 39.9 g (37 ml, 264 mmol, 4 
equivalents) of diethyl oxalate were introduced under a stream of argon into a four-necked 
reaction flask fitted with a reflux condenser. The reaction mixture was heated with an oil 
bath at 90°C (internal temperature) for 9 hours. Then the mixture was heated in a second 

15 reaction step at 135°C (internal temperature) for an additional 9 hours. Two phases 
formed when the reaction mixture was cooled to 25°C. The crude organic products, 
including EOAE and EOA, were contained in the lower phase and were separated from the 
trioctylamine using a separating fiinnel. GC analysis of the crude product after removal of 
ethanol and water indicated that diethyl oxalate remained in the product mixture. The GC 
20 analysis indicated a 12.43 w/w o/o amount of EOAE and a 8.97 w/w % amount of EOA The 
overall yield EOAE + EOA in this two-step, one-pot process, based on the employed 
amount of alanine, was 79.3%'. 

Example 10 

25 Into a four-necked reaction flask fitted with a reflux condenser were introduced 

under a stream of argon 2.96 g (33 mmol) of alanine followed by 4.04 g (5.55 ml, 40 mmol 
1.2 equivalents) of triethylamine and finally 23 g (132 mmol, 4 equivalents) of dipropyl 
oxalate. The resulting suspension was heated with an oil bath at 90''C (internal 
temperature) for 9 hours. The mixture was then heated at 135»C for an additional 9 hours. 

30 Propanol and water were removed at reduced pressure and a yeUow oil containing the 
desired product propyl N-propoxalyl-alaninate was isolated (total mass of the final crude 
product mixture: 21.83 g). 10 g of this crude product were purified by column 
chromatography ( 100 g sUica gel; hexane/ethyi acetate 80 : 20 v/v). After removal of the 
solvent by evaporation under reduced pressure. 2.32 g of a colourless oil were isolated and 

35 analysed. 
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Analysis : 

Rf (silica gel, hexane/ethyl acetate 80/20) = 0.20; 

NMR (300 MHz. CDCI3): 6 (ppm) = 0.85 (t. / = 7.5 Hz, 3H, -CH3), 0.90 (t. / = 6 Hz, 
5 3H. -CH3), 1.40 [d, / = 6 Hz, 3H, CH3 (Ala)]. 1.6 (St. / = 6 Hz, 2H, O-CH2-CH2-CH3), 1.7 
(St. 7 = 9 Hz, 2H, O-CH2-CH2-CH3), 4.10 ( t, / = 6 Hz, 2H. O-CH2), 4.20 (t, / = 7.5 Hz, 
2H, O-CH2), 4.55 (p,/= 7.5 Hz, IH, -aH), 7.60 (bs, /= 6 Hz, IH, NH); 

NMR (75.5 MHz, CDCI3): 6 (ppm) = 171.8, 160.2, 155.9, 68.6, 67.3, 48.6. 21.8. 21.7, 
18.1, 10.2, 10.1; 
10 IR (MIR): n = 3357, 1737, 1696, 1 190 cm"^; 

Mass spectroscopy (EI): miz = 246.3 (M+ H+), 263.2 (M+ NHt""); 

Elemental analysis: QiHisNOs, calculated: C 53.87, H 7.81, N 5.71%; found: C 

53.95, H 7.97, N 5.78%. 



15 



Example 1 1 



5.93 g (66 mmol) of alanine followed by 8.08 g (11.15 ml, 80 mmol, 1.2 
equivalents) of triethyiamine and finally 53.4 g (54 ml, 264 mmol, 4 equivalents) of dibutyl 
oxalate were introduced under a stream of argon into a four-necked reaction flask fitted 

20 with a reflux condenser. The resulting suspension was heated for 8 hours at 95°C (internal 
temperature). The mixture was then heated for 15 hours at 135°C in order to obtain the 
maximum amount of butyl N-butoxalyl-alaninate. Butanol and water were removed by 
rotary evaporation which yielded a yeUow oil (total mass of the final crude product 
mixture: 45.19 g). 10 g of this crude product were purified by column chromatography 

25 (100 g siUca gel; hexane/ethyl acetate 80 : 20 v/v). After removal of the solvent by 

evaporation under reduced pressure 1.3 g of a yellow oil was isolated. A second column 
chromatography was required (100 g silica gel, toluene/ether 70 : 30 v/v) in order to isolate 
the butyl N-butoxalyl-alaninate. 1.1 g of a colourless oil was isolated and analysed. 

30 Analysis: 

Rf (silica gd, hexane/ethyi acetate 80/20) = 0.20; 

^H NMR (300 MHz, CDCI3): 5 (ppm) = 0.8 (t, J = 2 Hz, 3H. -CH2-CH3), 0.90 (t, J = 2 Hz, 
3H, -CH2-CH3). 1.30 (m, 4H, 2 X CH2-CH2-CH2-CH3). 1.40 [d, J = 6 Hz. 3H, -CH3 (Ala)]! 
1.55 (p, J = 7.5 Hz, 2H, O-CH2-CH2-CH2-CH3), 1.65 (p, J = 7.5 Hz, 2H, O-CH2-CH2-CH2- 
35 CH3), 4.10 (t, J = 6 Hz, 2H, O-CH2), 4.20 (t, J = 7.5 Hz, 2H, O-CH2), 4.50 (p, J = 7.5 Hz, 
IH, -aH), 7.60 (bs, J = 9 Hz, IH, NH); 
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^^C NMR (75.5 MHz, CDCI3): 6 (ppm) = 171.8. 160.2. 155.9, 67, 65.6, 48.6, 30.4, 30.3, 19, 
18.9, 18, 13.6, 13.5; 

IR (MIR): n = 3349. 1738. 1524, 1204 cm-^ 

Mass spectroscopy (EI): m/z = 274.2 (M+ H*), 291.3 (M+ NHi""); 

Elemental analysis: C13H23NO5, calculated: C 57.13, H 8.48, N 5.12%; found: C 

56.98, H 8.63, N 5.09%. 



Example 12 

5.93 g (66 mmol) of alanine foUowed by 8.08 g (1 1.15 ml, 80 mmol, 1.2 
equivalents) of triethylamine and finally 31 g (264 mmol, 4 equivalents) of dimeth^d 
oxalate were introduced under a stream of argon into a four-necked reaction flask fitted 
with a reflux condenser. The resulting suspension was heated for 8 hours at 95''C (internal 
temperature). The duration of the second heating step was decreased because of 
decomposition of the crude product The mixture was thus heated for 6 hours at 135»C in 
order to obtain the maximum amount of methyl N-methoxalyl-alaninate. Methanol and 
water were removed by rotary evaporation which yielded a yeUow oil (total mass of the 
final crude product mixture: 23.23 g). 10 g of crude product were purified by column 
chromatography (100 g siHca gd. hexane/ethyi acetate 80 : 20 v/v). The non-polar dimethyl 
oxalate was easily separated in the leading firactions and the product was obtained: 2.58 g of 
a colourless oil. After storage for 3 days at room temperature soUds appeared in the 
colourless oU. A Kugelrohr distillation [40-80°C, 50 mbar (5 kPa)] was performed and the 
white solid was removed and 1.53 g of a colourless oil was isolated as the main product, 
being methyl N-methoxalyi-alaninate, and analysed. 

Analysis: 

Rf (silica gel, hexane/ethyd acetate 50/50): = 0.36; 

IH NMR (300 MHz, CDCI3): 6 (ppm) = 1.40 [d, J = 9 Hz, 3H. -CH3 (Ala)]. 3.71 (s. 3H, O- 

CH3). 3.84 (s, 3H. O-CH3), 4.55 (p, J = 7 Hz, IH, -OM), 7.6 (bs, J = 9 Hz, IH, NH); 

^'C NMR (75.5 MHz. CDCb): 6 (ppm) = 172.1, 160.5, 155.6. 53.6, 52.6, 48.5, 17.9; 

IR (MIR): n = 3349, 1738, 1524, 1204 cm ^ 

Mass spectroscopy (EI): m/z = 190.1 (MH-H+), 207.1 (M+ Nli,-"); 

Elemental analysis: CyHuNOj, calculated: C 44.45, H 5.86, N 7.40%; found: C 44.12, H 

5.76, N 7.36% 
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Into a double-jacketed, 4-necked 500 ml glass reactor equipped with a circulation 
thermostatic temperature control, an overhead stirrer with propeller, a thermometer/ 
controller, a dephlegmator (partial condensation head), a reflux cooler, a vacuum system, 
cold traps and argon degassing means were introduced under an argon atmosphere 78.9 g 
(0.9 mmol) of L-alanine in 258.4 g (1.8 mol, 2 equivalents) of diethyl oxalate. The mixture 
was stirred at 300 rpm and was heated for 40 minutes up to an internal temperature of 
135°C (mantle temperature 140»C). At the start of the reaction the dephlegmator was set to 
100»C. The ethanol and fiirther low-boiling constituents were continuously removed from 
the reaction mixture in a stream of argon over the dephlegmator into a prefraction 
coUecting flask. The reaction mixture was heated for a further 8 hours 10 minutes at the 
same temperature, during which period the alanine became completely dissolved. After 
changing the coUecting flask the dephlegmator was heated to 1 ICC (mantle temperature 
110°C). The unreacted excess diethyl oxalate was distilled off from the reaction products at 
an initial internal temperature of 1 19°C/mantle temperature of 140°C/ reduced pressure of 
55 mbar (5.5 kPa) and a final internal temperature of 133°C/mantle temperature of 
140''C/reduced pressure of 20 mbar (2 kPa) via the dephlegmator within about 35 minutes. 

The resulting mixture containing the crude desired product was cooled to room 
temperature (becoming viscous) and analyzed by GC, and found to contain 63.3 w/w % of 
EOA and 15.8 w/w % of EOAE (the yield based on alanine totalled 79.1%). 



Example 14 

Into a double-jacketed, 4-necked 500 ml glass reactor equipped with a circulation 
thermostatic temperature control, an overhead stirrer with propeUer, a thermometer 
/controller, a dephlegmator (partial condensation head), a reflux cooler, a vacuum system, 
cold traps and argon degassing means were introduced at room temperature under an 
argon atmosphere 160 g of a reaction mixture of EOA and EOAE dissolved in 200 ml of 
demineralized water. The aqueous solution was extracted three times with a total of 300 ml 
of toluene at room temperature, and the combined aqueous phases stirred in the reactor at 
18°C for about 16 hours. The resulting pale yeUow crystals were filtered off and then 
dissolved in 500 ml of ethyl acetate in an Erlenmeyer flask, and the solution dried over 40 g 
of anhydrous sodium sulphate. Subsequentiy the solution was concentrated under reduced 
pressure using a rotary evaporator and the residue dissolved, still in the rotary evaporator, 
in 200 ml of diethyl ether at an internal temperature of 30°C After being stirred for two ' 
hours at an internal temperature of about 1-2''C the solution contained crystals, which 
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were then filtered off, washed with diethyl ether at -5^C and dried in a drying oven for 
about 16 hours at about 40°C under a reduced pressure of 20 mbar (2 kPa), In this ma 
18.7 g of EOA were obtained in crystalline form. 



